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Objective: The present study aimed to evaluate the efficacy of 
N‑acetylcysteine  (NAC) in preventing nephrotoxicity in critically ill patients 
receiving colistin. Methods: In a randomized, controlled clinical trial, 
eligible participants receiving colistin were divided into two groups: the drug 
group  (n  =  24) and the control group  (n  =  24). In the drug group, 2  g of NAC 
was administered intravenously daily for 5  days, simultaneously with colistin. 
The patients in the control group received only colistin. Serum creatinine  (SCr), 
blood urea nitrogen  (BUN), and creatinine clearance  (CrCl) at baseline and on 
each day, and the number of cases of acute kidney injury during the study were 
recorded. Urinary N‑acetyl‑beta‑D‑glucosaminidase (NAG) was determined before 
the start of treatment and on day 5. The study outcomes were the mortality rate, 
length of intensive care unit  (ICU) stay, and NAG levels. Finally, the values were 
compared between the groups. Findings: It was found that the 28‑day mortality 
rate  (P  =  0.540) and length of ICU stay  (P  =  0.699) were not significantly 
improved by coadministration of intravenous N‑acetylcysteine with colistin. SCr 
and BUN showed no significant reduction, and there were no changes in CrCl at 
the end of treatment. The changes in urinary NAG levels did not differ significantly 
between the two groups. There was also no difference in the stages of the 
RIFLE criteria  (P  =  0.641), and most patients were in the normal stage  (58.3%). 
Conclusion: Concomitant administration of intravenous NAC at a dose of 2  g 
daily does not prevent colistin‑induced nephrotoxicity, 28‑day mortality, and length 
of ICU stay in critically ill patients.
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Introduction

Colistin (polymyxin E) belongs to the polymyxin 
family. It is a cationic polypeptide antibiotic used 
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as a last resort for the treatment of multidrug‑resistant 
Gram‑negative bacteria, including Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Enterobacteriaceae, 
and Acinetobacter Baumannii.[1] Pharmacokinetic and 
pharmacodynamic studies suggest that the currently 
prescribed dose of colistin does not achieve adequate 
plasma concentrations in critically ill patients. A  higher 
dose is required to prevent resistance and achieve 
the desired bactericidal effect.[2] The incidence of 
nephrotoxicity of colistin is approximately 20% to 
60%[3] and is influenced by many risk factors, including 
dosage and patient‑related characteristics such as age, 
preexisting renal disease, diabetes, hypoalbuminemia, 
and concomitant use of other nephrotoxic agents.[4]

Colistin nephrotoxicity usually occurs within the 
first 5  days of treatment and can lead to acute kidney 
injury  (AKI). Although nephrotoxicity is reversible by 
discontinuation of colistin, colistin dose limitation is the 
most important complication.[5] However, nephrotoxicity 
rarely results in permanent damage, with the percentage 
of cases requiring renal replacement therapy and dialysis 
being approximately 1.1% and 2.16%, respectively.[4] 
The mechanism of colistin‑induced nephrotoxicity is not 
fully understood. Recent studies suggest that oxidative 
stress plays a significant role in triggering this adverse 
effect.[6‑8] Antioxidants such as melatonin,[9] Vitamins E 
and C,[10] lycopene,[11] and astaxanthin[12] may alleviate 
kidney damage.

N‑acetylcysteine  (NAC) is a precursor in the formation 
of glutathione in the body. It has an antioxidant effect and 
scavenges free radicals.[13] NAC can exert its antioxidant 
effect directly and react with the electrophilic groups 
of free radicals through its thiol group.[14] Studies have 
shown that NAC attenuates the nephrotoxic effects of 
vancomycin,[15] cisplatin,[16] and gentamicin.[17] An animal 
study also showed that the simultaneous administration 
of NAC with colistin reduces the oxidative stress caused 
by colistin in the kidney cells.[18] However, there is 
only one study conducted with effervescent tablets of 
NAC, 1200  mg per day, in Iran in different hospital 
departments,[19] not in critically ill patients.

Therefore, the present study aimed to clinically evaluate 
the potential efficacy of intravenous and higher‑dose 
NAC in preventing this complication in critically ill 
patients within the intensive care unit (ICU).

N-acetyl-beta-D-glucosaminidase (NAG), a novel 
biomarker for AKI, is a lysosomal enzyme localized 
in the proximal tubule.[10] The increase in NAG was 
reported in diabetic nephropathy, chronic glomerular 
disease, delayed renal allograft function, and nephrotoxic 
drug exposure. It was also more sensitive for the 

diagnosis of AKI in critically ill patients and preceded 
increased serum creatinine (SCr) by 12 h to 4 days. One 
study showed that higher urinary NAG levels in patients 
with AKI were associated with a higher likelihood of 
hemodialysis and an increased risk of mortality.[11,20]

Methods
In this randomized controlled clinical trial, we analyzed 
the data of patients who received colistin against 
MDR pathogens from October 2023 to March 2024 in 
the ICUs of Imam Khomeini Hospital in Iran, which 
is affiliated with Mazandaran University of Medical 
Sciences  (MAZUMS). The research protocol was 
registered in the Iranian Registry of Clinical Trials (IRCT) 
with the code IRCT IRCT20200328046886N5.

The inclusion criteria were:  (1) age 18  years and 
above, (2) received colistin for at least 5 days. Exclusion 
criteria were (1) patients who received NAC 24 h before 
the first colistin dose;  (2) renal replacement therapy or 
abnormal renal function tests before the start of colistin 
treatment;  (3) patients who received iodinated contrast 
media;  (4) pregnant or lactating women;  (5) history 
of cardiopulmonary resuscitation;  (6) systolic blood 
pressure <90 mmHg; (7) patients receiving vasopressors; 
and  (8) estimated glomerular filtration rate  (eGFR) 
<60 mL per minute per 1.73 m2.

Written informed consent was obtained from all 
participants or their relatives. The MAZUMS Research 
Ethics Committee approved the research protocol with 
the ethical code IR.MAZUMS.REC.1402.1783.

Subjects who, for any reason, were taking colistin at the 
dose adjusted to their eGFR in two divided doses and met 
other inclusion criteria were divided into the intervention 
and a control group. The block randomization method 
was used for randomization. For this purpose, four 
blocks were used, and patients were divided into two 
groups based on the sequences established in the 
randomized blocks. The principal and corresponding 
author of the study  (H. Abbaspour Kasgari) designed 
the random allocation sequence; F. Heydari and A. 
M. Shabani recruited the participants and F. Heydari 
allocated the participants to the interventions. The 
demographic and clinical characteristics of the patients 
were recorded, including age, gender, comorbidities, 
and Acute Physiology and Chronic Health Evaluation II 
score. Intravenous NAC at a dose of 2 g was prescribed 
to patients in the drug group simultaneously with colistin 
for at least 5  days as a 24‑h infusion together with a 
daily fluid intake, whereas patients in the control group 
received only colistin. Patients were excluded from the 
study if colistin was discontinued for reasons other than 
AKI. In the case of AKI, a decision was made based on 
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the medical team’s decision on whether to terminate or 
continue treatment with colistin.

The blood tests performed on the day colistin treatment 
was started  (SCr, blood urea nitrogen  [BUN], albumin, 
hemoglobin, white blood cell), and renal function 
test  (SCr and BUN) were measured daily. Antibiotics 
used with colistin, 28‑day mortality, and length of ICU 
stay were also recorded. The primary endpoint was 
28‑day mortality. Secondary endpoints were the length 
of ICU stay and changes in urinary NAG levels.

Creatinine clearance  (CrCl) was calculated according to 
the Cockcroft–Gault equation.[21] Urinary NAG levels 
were measured in all patients before administration 
of a colistin dose  (day 0) and on the 5th  day of 
treatment and recorded as an index of AKI. The 
following values, according to RIFLE criteria, were 
used to determine AKI: risk  (increasing SCr  ×  1.5 or 
decreasing GFR  >25%), injury  (increasing SCr  ×  2 
or decreasing GFR  >50%), failure  (increasing 
SCr  ×  3 or decreasing GFR  >75%), loss of renal 
function (complete loss of renal function >4 weeks), and 
end‑stage renal disease  (ESRD)  (complete loss of renal 
function >3 months).[22]

To determine urinary NAG levels, fresh urine samples 
were collected from the patients and stored in the 
freezer at  −  20°C. At the end of the study, all samples 
were removed from the freezer and centrifuged at room 
temperature for 15 min after thawing. The concentration 
of NAG in urine was measured using an enzyme‑linked 
immunosorbent assay kit  (ZellBio GmbH, Germany) 

according to the manufacturer’s instructions  (Cat. No.: 
ZB‑10828C‑H9648).

The sample size was calculated based on findings from an 
animal study by Ceylan et al.[7] In this study, the number of 
samples in each colistin and colistin plus NAC group was 
eleven (22 in total). Considering that the number of samples 
can be increased by a multiple of 2 or 3 to extrapolate the 
findings from the animal study to the human study, taking 
into account the multiple of 2 results in a number of 44 
subjects in this study. Finally, if the 10% dropouts are 
included, the number increases to 48 persons  (24 persons 
in each group). SPSS software version  24  (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis, and 
P < 0.05 was considered statistically significant.

Results
During the study period, 310  patients were admitted to 
the ICUs. Of these, 50 patients met the inclusion criteria 
and were included in the study. Two patients died during 
the follow‑up period. A  total of 24  patients in the drug 
group and 24 patients in the control group completed the 
study [Figure 1].

Table  1 presents the demographic and clinical data for 
the patients in both groups, revealing no significant 
differences concerning these parameters. Similarly, 
no differences were observed in the concentrations of 
leukocytes, hemoglobin, and albumin.

Meropenem  (58.3%) and vancomycin  (50%) were the 
most commonly coadministered antibiotics. Meropenem, 
linezolid, and nebulized colistin were prescribed more 

Assessed for eligibility (n = 310)

Excluded (n = 260)
    Not meeting criteria: (n = 260)
    Not consenting: (n = 0)

Randomized (n = 50)

Allocated to intervention (n = 25)
Received allocated intervention (n = 25)

Allocated to control (n = 25)
Received allocated intervention (n = 25)

Lost to follow-up (n = 1):
The patient died before follow-up (n = 1)

Lost to follow-up (n = 1): 
The patient died before follow-up (n = 1)

Analysed for primary outcome (n = 24) Analysed  for primary outcome (n = 24)

Allocation

Follow-Up

Analysis

Figure 1: CONSORT flow diagram
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frequently in the NAC group than in the control group. 
There were no differences between the two groups for 
other antibiotics and drugs that could have toxic effects 
on renal function.

Stenotrophomas maltophilia and Serratia were the most 
frequently detectable microorganisms in the culture 
results. Table  2 shows the SCr, BUN, and CrCl changes 
in patients in the NAC and control groups. There was no 
significant difference in the three parameters between the 
two groups. The two groups also differed in the Cr and 
CrCl parameters regarding the trend of changes, i.e.  an 
increase or decrease in Cr and Cr–Cl in the control group.

Table  3 shows the incidence of AKI according to the 
RIFLE criteria, including stages, in both groups. As can 
be seen, most patients were in the normal stage (58.3%), 
and four patients  (8.3%) experienced failure, with only 
1 out of 4 in the NAC group. Only one patient  (2.1%) 
from the control group suffered ESRD. However, the 
differences between the two groups were not statistically 
significant. The two groups had no difference in the 
28‑day mortality rate. The length of stay in the ICU was 
one of the secondary endpoints for which there was no 
significant difference between the two groups.

Changes in NAG urine levels, the other secondary 
endpoint, did not differ significantly between the two 
groups, as shown in Table 4.

Discussion
Our study found that the 28‑day mortality rate, ICU 
length of stay, and urinary NAG levels were not 
significantly improved by the coadministration of 
intravenous N‑acetylcysteine with colistin. In addition, 
SCr and BUN were not significantly reduced, CrCl 
levels did not change at the end of treatment, and 
NAC did not prevent the occurrence of AKI in patients 
receiving colistin. Most studies on the reduction of 
colistin‑induced nephrotoxicity have been conducted 
in animal models.[7,18] Some studies investigated 
antioxidants and other pharmacologic agents to 
prevent colistin nephrotoxicity. The concomitant use of 
antioxidants  (melatonin, Vitamins C and E, silymarin 
and curcumin, NAC, etc.) may have a protective effect 
during colistin exposure.[23]

In a retrospective cohort study, Bozkurt et  al. 
investigated the association between NAC intake 
and colistin‑related nephrotoxicity. They found that 
NAC intake did not contribute to the prevention of 

Table 1: Demographic and clinical data of the patients
Parameter Total (n=48) NAC group (n=24) Control group (n=24) P
Gender

Female 18 (37.5) 6 (25.0) 12 (50.0) 0.074+

Male 30 (62.5) 18 (75.0) 12 (50.0)
Age 48.92±19.63 47.25±22.46 50.58±16.65 0.562*
APACHE II 14.06±5.19 14.42±4.52 13.71±5.85 0.641*
WBC (×103 cells/µL) 13.74±6.31 11.87±6.41 0.314*
Hemoglobin (g/dL) 9.84±1.33 10.15±2.41 0.587*
Albumin (g/dL) 3.06±0.52 3.09±0.54 0.828*
Past medical history 22 (45.8) 9 (37.5) 13 (54.2) 0.247+

HTN 9 (40.9) 4 (44.4) 5 (38.5) 0.779+

DM 9 (40.9) 5 (55.6) 4 (30.8) 0.245+

IHD 4 (18.2) 2 (22.2) 2 (15.4) 0.999+

Malignancy 2 (9.1) 0 2 (15.4) 0.494+

DLP 3 (13.6) 1 (11.1) 2 (15.4) 0.999+

Psychiatric disorder 2 (9.1) 0 2 (15.4) 0.494+

Hypothyroidism 5 (22.7) 2 (22.2) 3 (23.1) 0.999+

Epilepsy 3 (13.6) 2 (22.2) 1 (7.7) 0.544+

Parkinson 3 (13.6) 0 3 (23.1) 0.240+

Alzheimer 1 (4.5) 0 1 (7.7) 0.999+

CVA 3 (13.6) 1 (11.1) 2 (15.4) 0.999+

Tuberculosis 1 (4.5) 0 1 (7.7) 0.999+

COPD 3 (13.6) 1 (11.1) 2 (15.4) 0.999+

Asthma 1 (4.5) 0 1 (7.7) 0.999+

*Independent samples t‑test, +Chi‑square test. Data is presented as mean±SD or n (%) where applicable. SD=Standard deviation, 
WBC=White blood cell, HTN=Hypertension, DM=Diabetes mellitus, IHD=Ischemic heart disease, DLP=Dyslipidemia, 
CVA=Cerebrovascular accident, COPD=Chronic obstructive pulmonary disorder, NAC=Nacetylcysteine, APACHE II=Acute physiology 
and chronic health evaluation
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colistin‑induced nephrotoxicity, and the incidence of 
AKI was similar in both groups. These results are 
consistent with our study.[24] Shariatmaghani et  al. 
investigated the incidence of colistin‑associated 
nephrotoxicity and the role of other confounding factors 
in the incidence of AKI in critically ill patients. Although 

this prospective cohort study did not specifically 
examine the effect of NAC, the incidence of AKI was 
higher in the NAC group than in the control group with 
younger age.[25] Timuroğlu et al. retrospectively studied 
AKI in patients who had received colistin with NAC in 
mucolytic doses in the ICU. There was no significant 
difference between the AKI rate, mortality rate, number 
of days of mechanical ventilation, and length of stay 
in the ICU between the NAC and non‑NAC groups. 
There was no association between the eGFR value 
during hospitalization and the development of AKI after 
using colistin.[26] It was similar to our study. Mosayebi 
et  al. investigated the efficacy of NAC in colistin 
nephrotoxicity in a randomized controlled clinical trial. 
They found that concomitant administration of NAC 
at a dose of 1200 mg daily had no effect in preventing 
colistin‑induced nephrotoxicity.[19]

Our study population was critically ill patients without 
septic shock. The incidence of colistin‑induced AKI has 
been reported to be approximately 12.7%–70% in ICU 
studies.[6,12,13,27] A higher incidence of AKI is reported in 
the kidney disease: Improving Global Outcomes criteria 
due to the lower threshold of AKI definitions, as an 
increase in creatinine of 1.5 from baseline is considered 
AKI Stage 1, whereas in the RIFLE definition, this is 
considered AKI risk.[4]

Most of our patients were in the fluid resuscitation 
phase, and their initial CrCl was high. This could 
be due to augmented renal clearance, defined as a 
CrCl  >130  mL/min, present in 20%–65% of critically 
ill patients. Younger age, multiple trauma, and lower 
severity of illness have been identified as risk factors.[28] 
These characteristic features are consistent with those of 
our patients.

Our analysis has several strengths. Vasopressor 
use in critically ill patients was independently 
associated with the development of AKI during 
colistin treatment,[27] and our study excluded the use 
of vasoactive agents. This is the only clinical trial 
with higher doses of intravenous NAC in critically ill 
patients. We have used urinary NAG levels as a new 
biomarker for AKI in our patients. Urinary NAG has 
also been found to independently predict mortality or 
the need for dialysis in AKI patients.[5,17] Therefore, 
urinary NAG seems to perform best for risk prediction 
after AKI.[18,29]

This study has some limitations. It was an open‑label 
study. The sample size was small, the results cannot 
be generalized, and the duration of the intervention 
was short. Nevertheless, this is the first clinical trial 
of high‑dose intravenous NAC to prevent colistin 

Table 2: Comparison of kidney function between two 
groups

Parameter Day NAC group 
(n=24)

Control group 
(n=24)

P*

SCr (mg/dL) 0 0.75±0.24 1.14±1.70 0.685
1 0.75±0.26 0.95±0.54 0.406
2 0.73±0.25 1.06±0.72 0.139
3 0.75±0.30 1.16±0.93 0.371
4 0.80±0.34 1.27±0.89 0.072
5 0.90±0.54 1.42±0.97 0.066
P+ 0.265 <0.001

BUN (mg/dL) 0 20.71±10.74 26.63±19.61 0.358
1 21.83±11.85 27.13±19.22 0.489
2 21.92±12.73 27.63±22.45 0.695
3 22.92±14.88 30.71±28.54 0.901
4 22.75±15.36 33.58±26.64 0.265
5 24.25±16.64 35.58±26.64 0.177
P+ 0.973 0.136

CrCl (mL/min) 0 145.88±71.86 130.46±73.42 0.483
5 140.25±75.93 100.17±75.50 0.051
P× 0.275 <0.001

*Mann–Whitney test, +Freidman test, ×Wilcoxon test. Data is 
presented as mean±SD. SCr=Serum creatinine level, BUN=Blood 
urea nitrogen, CrCl=Creatinine clearance, NAC=Nacetylcysteine

Table 3: Comparison of the acute kidney injury stages 
between two groups

Parameter Total 
(n=48)

NAC group 
(n=24)

Control group 
(n=24)

P*

RIFLE criteria
Normal 28 (58.3) 16 (66.7) 12 (50.0) 0.641
Risk 10 (20.8) 5 (20.8) 5 (20.8)
Injury 5 (10.4) 2 (8.3) 3 (12.5)
Failure 4 (8.3) 1 (4.2) 3 (12.5)
Loss 0 0 0
ESRD 1 (2.1) 0 1 (4.2)

*Chi‑square test. Data is presented as n (%). ESRD=End‑stage renal 
disease, NAC=Nacetylcysteine

Table 4: Change of urinary 
N‑acetyl‑beta‑D‑glucosaminidase level in two groups

Day NAC group Control group Difference P*
0 18.09±2.97 18.56±4.40 −0.46±5.91 0.706
5 17.87±3.01 18.87±3.71 −0.99±4.36 0.373
Difference 0.23±2.98 −0.30±3.87 0.53±5.15 0.681
P+ 0.744 0.533 ‑ ‑
*Independent samples t‑test, +Paired samples t‑test. 
NAC=Nacetylcysteine
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nephrotoxicity and to measure NAG as a biomarker 
for AKI. Further randomized, placebo‑controlled trials, 
longer intervention duration, and a larger sample size 
are needed to achieve better results.
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